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graft–related events over a mean follow-up period of 16.7 months
(P  .036; log-rank test; unpublished data; Fig). These data
continue to suggest to us that hsCRP may not only be a marker for
atherosclerotic-related clinical events, but also may be a useful
biomarker for the development and severity of vein graft disease.
Further studies are continuing to define the nature of this relation-
ship. (Owens CD, Conte MS, unpublished data)
Christopher D. Owens, MD
Michael S. Conte, MD
Division of Vascular and Endovascular Surgery
Brigham and Women’s Hospital
Boston, Mass
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Regarding “Initial results of wireless pressure sensing
for endovascular aneurysm repair: The APEX
trial—Acute Pressure Measurement to Confirm
Aneurysm Sac EXclusion”
Ohki and associates’ interesting study1 demonstrates that
pressure sensing is able to detect type I and III endoleaks during
endovascular aneurysm repair. They concluded that the EndoSure
sensor measures sac pressure accurately. However, it can be ques-
tioned whether this last conclusion is substantiated by the results of
their study.
Aneurysm sac pressure was measured simultaneously by the
EndoSure sensor and a standard angiographic catheter in 15
patients. We believe that the agreement between the sensors was
not analyzed properly. The use of correlation coefficients is mis-
leading. This has been demonstrated by Bland and Altman. They
suggest using Bland and Altman plots in which the agreement
between two measure techniques is illustrated by plotting the
average of the two measurement techniques against the difference
between these techniques.2
Furthermore, pressure measurements by the EndoSure sen-
sor (new technique) are compared with the pressure measure-
ments by the angiographic catheter (the “gold standard”). This
differs from calibration, in which pressures are measured by a
new technique and compared with the known true values. The
true pressure values remain unknown in the study by Ohki et al
because the operator of the pressure sensor cannot know
whether the angiographic catheter measures accurately; aneu-
rysm sac pressure is hampered by the aneurysm sac thrombus.3-5
Hence, in our view, no definitive conclusion can be drawn about
the accuracy of the EndoSure sensor—at best only about the
correlation between the sensors.
Nevertheless, Ohki et al demonstrate that intrasac pressure
sensing may be a useful adjunct to intraoperative angiography by
measuring the trend of the sac pressure pulsatility (30% or 30%
reduction) to verify sac exclusion. This is very encouraging and
suggests, as previously mentioned, that pressure trends after endo-
vascular aneurysm repair are probably most appropriate to fol-
low.4,5 However, long-term study will be needed to prove this.
Jan-Willem Hinnen, MD
Olivier H. Koning, MD
Hajo J. Van Bockel, MD, PhD
Jaap F. Hamming, MD, PhD
Department of Surgery
Leiden University Medical Center
Leiden, The Netherlands
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Reply
We appreciate the letter from Hinnen and colleagues and
agree with their suggestion to present the sensor accuracy data
using Bland-Altman analysis.1 Figures 1 to 3 show results of the
Bland-Altman analysis for mean, systolic, and diastolic pressures
obtained with the angiographic catheter and the wireless pressure
sensor. The results of the new (Bland-Altman) analysis are consis-
tent with the results presented in the article; therefore, even if one
uses a different statistical method, our conclusion in the article
does not differ. That is, the wireless pressure sensor measurement
Fig. Freedom from graft-related events (stenosis, revision, occlu-
sion, or amputation of the index leg) in subjects (n  147)
undergoing lower extremity bypass with an autogenous vein.
Survival curves compare subjects with increased preoperative high-
sensitivity C-reactive protein levels (CRP; 5 mg/L) with those
who had levels within the reference range (5 mg/L) by the
Kaplan-Meier method (P  .036).
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correlates extremely well with that measured with an angiographic
catheter.
We would like to comment further, however, on the issue of
assessment of sensor accuracy. Editorial limitations preclude a
lengthy discussion within the article of the various preclinical tests
that were performed using this new technology or even specific
details of the feasibility trial that was used to verify sensor perfor-
mance in vivo. However, prior to initiating clinical implantation,
sensor accuracy and stability were carefully characterized in both
bench and animal laboratory settings (reference: CardioMEMS
internal test reports). Good clinical practice necessitated additional
evaluation of accuracy within the operative environment, thus
leading to the side-by-side comparison of sensor vs angiographic
catheter measurement.
In regard to this test format, the authors of the letter state that
the operator cannot know whether the angiographic catheter
measures accurately, because aneurysm sac pressure is hampered by
the aneurysm sac thrombus. In the APEX trial, because both the
angiographic catheter and the pressure sensor were placed directly
in the blood flow within the aneurysm sac and not embedded
within the pre-existing sac thrombus, neither measurement was
affected by the thrombus, and both were registering systemic
pressure prior to aneurysm exclusion. In addition, although the
sensor was not embedded in the thrombus in this trial, it is
important to note that multiple studies have verified that fluid
pressure is transmitted through thrombi2-5 and that accurate sac
pressure can be measured even if the catheter or the sensor is
surrounded by thrombus. Thus, we believe that this was a fair and
appropriate methodology to use for assessment of sensor accuracy,
and we stand by the conclusion reported in the APEX article.
Finally, we completely agree with the authors’ statement that
long-term study is still needed to prove the appropriateness of
using pressure sensing technology for chronic surveillance, and this
has been stated in our article. Plans are under way to soon initiate
a large-scale study for this purpose.
Takao Ohki, MD, PhD
Department of Surgery
Department of Vascular Surgery
Jikei University School of Medicine
Tokyo, Japan
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Fig 1. Bland-Altman graph of mean pressure.
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Fig 2. Bland-Altman graph of systolic pressure.
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Fig 3. Bland-Altman graph of diastolic pressure.
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